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(57) Abstract: 

PROBLEM TO BE SOLVED: To improve the formability 
and spot weldability of the steel sheet and to reduce 
the variation of the material therein by allowing it to 
have a specified elemental compsn. and a specified 
microstructure and controlling the ratio between the 
ferrite occupying volume rate and the ferrite grain 
size, the occupying volume rate of residual austenite 
and a balance of strength- ductility to specified ranges. 



0.05 to 0.25% C, Si and Al by 0.5 to 4% in total, Mn, 
Ni, Cr, Mo and Cu by 0.5 to 4% in total, 20.01% 
S, 20.0005% B, and the balance Fe with inevitable 
impurities, and its microstructure is composed of 
ferrite, bainite and residual austenite. The value of 
the ferrite occupying volume rate/ferrite grain size is 3 20, 
also, its varing width in the coil is <4, the occupying 
volume rate of residual austenite of 22 u.m is 3 5%, also, 
its varying width in the coil is <5%, and, as the 
characteristics, the balance of strength -ductility 
(tensile strength * total elongation) is controlled to 320000 
MPa.%, and also, its varing width in the coil is 
controlled to <3000 MPa.%. 
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SOLUTION: This steel has a compsn. contg., by weight, 
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(57) mm 

^»tLTWB^B : 0. 0 0 0 5% 

k mi*-*m ho3«r«u 7i5^f 

mm (VF) fc7i5-f hSI (dF) <7)Jt (VF/d 

f) a*2om±t?, b.o, -e-on>f A-rtatt«*»4*ai 

JSl±t\ _§.o, -f-on-f ;n^ggSft"IS* I 5%*S!T*i), 
#14tLT, 3ftK-8Stt/<5>* (5IBB»3x£#tr) 
* f 2 0 0 0 0 (MP a • %) VA±X\ E.o> -?-<7)r7-f ;u 
ft$iVim*3 0 0 0 (MP a • %) *?«i:i-^>o 
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■[**# l ] 1t*&»t Lt, Si%T\ 
C£0. 05-0. 25%, 

S i fcA 1 coftco l«Xli2tt^-g-tf»T0. 5-4 
%, 

Mn, Ni, Cr, Mo, C u<Ort<0 HXIi2tttt± 
5r-&tHtO. 5-4%, 
SsSO. 01 

T-'imut LTcoBtJ ? B^0. 0 0 0 5%ffftL, 
»«PF e£c7B£iK^S6^l$t;T&l9, 5?nl 

mt LT, 

h&mm (VF) t7i5-/ (dF) CO 

it (VF/dF) t5 s 2 0Jil±-ej.o-e-<7)3^;up«3^|j,i|(i 

3ftJK-J£tt'<5:'* (3l5R5££x£ffU9 4*2 0 0 0 0 
(MP a • %) &±T-J.o-£(0:3-OP|*I^»(Ba*3 0 0 
0 (MP a • %) **-C**wtS:«F«t-r4*i-Rlff, 

7^9^ (VF) **6 0%Ji(JiT"5.o-f-con^ 

5%*«ftT&t9, IHttU, 
(TS) SlTOfftSftS (YS) <T>*4A>miM) 
0 0 (MP a) *iT*l,l,it «r#*fc-*-&»# 

Nb, V, Ti, P, Ca, REMWlilli2ia± 

iNb/V, T i K.fc^Tli*-*L<bco liXli2W± 
&-£-tt*T-0. 3%&T, 
Plcii^TliO. 3%JJT, 
C at:£i/>TliO. 0 1 %JilT, 

REMtC;fcV>T(i0. 0 5%Jii.TT£>-5>C fc£#gfcfc-*- 
1 Xl± 2 UBE*<0#Rtf *, o * cO/h? njftjg 

[8f#«4] <t^t«fl-t LT, fifi%T, 
C£0. 0 5-0. 2 5%, 

S i fcA I <D|*|C0 1fO.I±2tt£-g-tUtT-0. 5-4 
%, 

Mn, Ni, Cr, Mo, Cu <0|*|co 1 fO.Ji 2 ttJW± 
£-£-tH:T*0. 5-4%, 
S^0. 0 1 

WfttLTOB* ! B^0. 0 0 0 5%#SL, 
v>T, 

tt±tfESSr, ^EET^ : 8 0 %&±, |?-7iSJ£ : A r 
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3-Ars+l 5 0tt\ 5 h-r-r^-CO^ip^ 
3 0 t/fWSLtT?, mW.i 3 5 0t@5 0 0 t:WTT# 

7x7^ K ^-f ^ K WM-*-^7-1--< hc03*lT 

7x70Al$ (VF) t7x7^ftl (dF) CO 
it (VF/dF) tf2 OW.±-CJ.o^-coa^;n*i^»((S 

2 ^ m^TO?^*-^-^ K £»2pri ? 5 %JBl±TM. 
/0 o*03^A'|*9gE»«ri t 5%*jH-C*»K UtttLt, 

3ft«-3ffitt/<5>^ (5l5R5i$x^#yf) a* 2 oooo 
(MP a • %) JSLh-CB-O-e-con-f ;H*I^I6(B^3 0 0 
0 (MP a • %) *at-C*4itt#ai:1--5WKJXC> 

C £ 0. 05-0. 25%, 

S i fc A 1 <0|*]<0 lttXli2tt££-it*:-C0. 5-4 
%, 

20 Mn,Ni,Cr,Mo, C u C0|*l<O 1 9X1* 2 ttJ£Jl_L 
Sr-S-ftiTO. 5-4%, 
S^0. 0 1 %£#<&, 

^«ttLT<7)B* s BS0. 0 0 0 5%^FffiL, 

»» F e » IF B S: Bfe < WM 6^*61/ «fc 0 « * 31 Jt * ffl 

v>T, 

ft±lfJB££, ^:)±T^ : 8 0 %ELb, i&Ti&K : A r 
3-A rs+ 1 5 Otf, hx-T^TtO^S: 

3 0 V./WX1.X', ^JR£ 3 5 0 ICjg 5 0 0 *CJ^TT*# 

5 ^n&^t LT, 

7*5^ (VF) t7x7'f h&S (dF) CO 

Jt (VF/dF) #2 0J£)L±-ej.O^-C03>f 
* J 4*g|-C*t), 

2 / /mWTc05Sg*-Xxf-^ h£»?£ri*5%JSLLT.l. 

o-eco n ^ ;n*jgEK)ils^ 5 %*iMT** *) , 

7 jl 5 h £3f ^ (VF) * ? 6 0%jy.±T*J.o-eco3-f 

»*-S6tt/<9v^ (5l»BtSx£ttO0 tf*2 0 0 0 0 
40 (MP a • %) W.±TB.o^-corj^;n*j^t|,il@^3 0 0 
0 (MP a • %) *^T**f), 

?i$i5i&£ (ts) awitffcaue (ys) oa^rtti 

WlOO (MPa)*»-p*44:tt#»i:t4# 
«{fC3o§ co/Jx?^fiSc^14, ^&KflE*L*:&&iiS5SiJK 
iTOcoSg&^fe,, 

[W*I16] V&mth LT, Sg%T-, 
C£0. 0 5-0. 2 5%, 

S i fcA 1 OrtOl«XI4 2«t*W*-C0. 5-4 
%, 

50 Mn,Ni,Cr,Mo, C u <0|*lcO 1 mXi± 2 
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0. 5-4%, 
S ^ 0 . 0 1%, 

Nb, V, Ti, P, Ca, REMWllIli2 

iNb, V, T i K ^> T (i ^tt^ CDlffi3Z.fi 2 ttfiLL 

££-iH:T0. 3%£TF\ 

P(Zi3V^T(±0. 3%JilT, 
C a U.fcv>TJiO. 0 1 %JilT, 
REM(C±3V>T(iO. 0 5 %J£JIT 

^»tUt<OB#BS0. 0 0 0 5%fffiL, 70 
»»F e&tfB*|lfc<*TT»fiWFif#»J: 19 &&§iJt£ffl 

^T, 

ttJttfEffi*, £ET* : 8 0 %JSLL, |*7iS« : A r 
3 0 "C/fW^LLT*, 3 5 0ti5 0 0 t^Tn 

h£«^ (VF) i7i7-f hiftg (dF) CO 
it (VF/dF) #2 Ott±T*J.o-e-<0=r-f *rt£!Mf 20 
rt s 4*jiT&t), 

2 ^ raftT«t-Xft-f h £»^#5 %W_LT.R 
o^O^;UftSlM§#5%*fi?T&f), #14 1 LT, 

&m-mn'*7>z tfm&zx^m #20000 

(MP a • %) JiJ.±"eJLo-?-c0 3^;H*I^K(ilig#3 0 0 
0 (MP a ■%) i t ^#^t-tS#K(f h 

7 ] fb«9-t LT, **%T, 
CtO. 0 5-0. 2 5%, 30 
SitAlO|*|<01iXli2i«-^ttif0. 5-4 

%, 

Ma, Ni, Cr, Mo, CuOrt©liIli2lJj(± 
£-£-ftiT0. 5-4%, 
sso. 0 1%, 

j£fc, Nb, V, Ti, P, Ca, R EMW 1 ffiXfi 2 

mu: 

KNb, V, T i l<ZS3^Xl**:tlb<D 1 ttXI±2ffiyji 
££-ft*T0. 3%JilT, 

PtC£v>TI±0. 3%JSLT, 40 
C a UiS^TIiO. 0 1 %&T, 
REMK£v>TliO. 0 5%JilT^^, 
WiiLTWBOTgO. 0 0 0 5%ftU 

f e r v b * m < * <t <o & * an- * m 

<^T, 

tt-HfjES££, £rffT3S : 8 0%tJLL, H-TiSS : A r 
3-A r 3 + 1 5 OtT*, 7 >i-^ hf--yjVX'<D^tfii: 

3 o c/fwa±t?, mm* 3 5 0 x:m 5 0 0 < cwtt-& 

*ffv\ UDftit LT, . 

7x7-f K "«>f -tM K Mt-^ft^ KD3*1T 50 
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7x7^ hp&«^ (vf) t7x7^f vnm (dF) o 

it (VF/dF) #2 Ofcl±T-J.o^co:3^;U|*i^ft,i|iI 
#4*?fiT&l9, 

2 /i raJiT^g^-^ft-f h£1»>p#5%JiLbT.§. 

o-eon ;n*)^i*i|iS75 ? 5 %*«-e* <3 , 

7x7-f h&mm (VF) #6 0%lU±-eB.O-?-c0 3^ 
;H*j»|ig#l 5 %*«T<fc 19 , #14 £ LT, 
?&K-2£14^5> * (SISI^x^DO #2 0 0 0 0 
(MP a • %) Jil±-CJ.o-?-coa^;U|*|^iiitig^3 0 0 

0 (MP a • %) 

3l5R5iSS (TS) Tl^l^S (YS) <7)a4>ls1*imW} 
ipl#100 (MPa) *If*| 1 ;t^fttS#f 

C£0. 0 5-0. 2 5%, 

S i i: A 1 CD|*|<D 1 ffiXti 2 ffi£-g-ff-*T 0 . 5-4 
%, 

Mn, Ni, Cr, Mo, C u <D|*JCD 1 ffiXfi 2 ffiWJi 
^D-itO. 5-4%, 
SiO. 0 1 

TRsfcfet LTCDB#BsJ0. 0 0 0 5%#ftL 

F e & If B £ m < 7F nTSlft^Mfe £ <0 & Z> iHK" £ m 
v^T, 

tt±tfJEM£, ^J±T^ : 8 o %w±, **Tia8 : A r 
3»±T, 7 >^ Y7---7)VX'<r)}§m*A r 3 fiLT6 0 
0lC^SSTiitii3 0t:/t>*^, TiJ0l^Tli3 
0 "C/f^tlJiT, ^W3 5 0t:S5 0 0 t^TT#* 
fiV, UomtLT 

7x7-f Y&m& (VF) i7x7-f (dF) O 

it (VF/dF) #2 Ql&±.X~R'OZ<D3<i frftgtmtfe 

2 M m&T<7>m , g*-ZTl-4 ht&m^5%jgi±TE. 
o^cDa^;uft^f&i|ig#5%*?®T£>l?, #14tLT, 
5>6J£-3E14^5>;*. (3l3S5£2x:£#t>*) #20000 
(MPa - %) J^±TB.o-?-<7)=i^;n*i^tj)ilii#3 0 0 
0 (MPa • %) *SlT-*-?>i t^#mt1-^,*t®(ft> 
o§cO/h?v^^14, ^14lc«:ft^^gEii5?SiRSi«0 

[W*S9] it^f&frt LT, Sft%T, 
C£0. 0 5-0. 2 5%, 

S i LA 1 (7)|*I<7)lttXI±2tt?r^tt*:T*0. 5-4 
%, 

Mn, N i , C r, Mo, C u <D|*JO 1 2 ttW,_t 

^r-g-itftTO. 5-4%, 
0 1 

Tf^i: LT<OB#BS0. 0 0 0 5%ffftL, 
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(4) 
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«» F e R VB i & < 7fl WMttlXm® <fc "9 * Z> fUM* * ffl 

ft-h»fEE««r, ^)±T^ : 8 0 %JBLL, : A r 

sJ^LLT, 7>7^-7 hr— ^-eoi^ip^A r3£lT6 0 
0 "CigtDi&lgTi i -ei± 3 0 t:/#*?P5, Ti jen»-ctt 3 

o x:/mx±.x-, mm* 3 5oti5,oo twrt#* 

ffv», 5 * n»t LT, 

7x7-f h^W (VF) t7x7^hfif (dF) (?) 70 
it (VF/dF) #2 0Ja±-Cfio*O3'f;i/rtgeiMH 
5&*4*«tT**K 

7x7^ (VF) **6 0%BL±-Pjao-f-on-f 

aHE-Stt^?*/^ (5 1565ft ^-xikWOf) #20000 
(MP a • %) J^±T.ao^0 3^;i/|*j^i&i|g7$ $ 3 0 0 
0 (MP a • %) 

3i5Rafi$ (ts) Rmmsm (ys> o 3 4 n>n$m 20 

■i'l 0 0 (MPa) *iT'*l,ii:^#ii:tS|tg 

[»#*1 0] ftftttLT, £*%T-, 
C£0. 05-0. 25%, 

S i £A 1 01*10 lttX(*2tt^-^ft4T*0. 5-4 
%, 

Mb, Ni, Cr, Mo, Cu <7>|*J<0 1 H3U± 2 «Ja± 
Sr-^tfi-eO. 5-4%, 

S=S0. 0 1 %, 50 
Site, Nb, V, Ti, P, Ca, REMW11II12 

SNb, V, T i iZ&^Xlt-ttlhff) 1 2 «J£JLh 

Sr^-tf-ft-eo. 3%jy.T, 
Ptc£<,>TI±0. 3%J^T, 
CaKJ3</>T»iO. 0 1 %JiJ>T, 
REMK£^TI±0. 0 5%t(T^*, 
/F*fc!gSi: LT<9Bj& s B£0. 0 0 0 5%#4L, 
»»FeftIfB*l»<^T»r»»^i»»J: OftSiiM-tffl 
V^T, 40 
ft±«fJE5§£, £ffiT?P : 8 0%a±, *T«BE : A r 
3&±T*, 5>-^'7 h-r-7>-CO?£iP£A rsWT6 0 

o x:soia*Ti i r-ii 3 o "C /#*?«, Ti «.*-cj± 3 

0 "C/fm±t?, #IR£ 3 5 0 "CS 5 0 0 "CJ^TT-^^ 

7x7^ K ^ ^--f K *T"*--f h<7)3ffiT* 

7x5^ (VF) t7x7-f (dF) O 

Jt (VF/dF) #2 0W±-ea.o-t«0 3'f A'rtgEWB 
#4 *«T-ab •> , 50 



#12000-178681 

3*K-ffitt'<9>;*. (5 1565ft Sx^ffO?) #2 0 0 0 0 
(MPa • %) W±-Cl.o^-<0 3'f ;H*J^»IS3& f 3 0 0 
0 (MPa • %) £fc*#«i:-i-**tKlf<b 

C£0. 05-0. 25%, 

S i iA 1 OI*JC0 1ttXI±2tt^^-it*T-0. 5-4 

%, 

Mn, Ni, Cr, Mo, C u <O[*J<0 1 mXli 2 «Ji)L± 
4--&St*T-0. 5-4%, 
SS0. 0 1%, 

jgK, Nb, V, Ti, P, Ca, REMC0 1«X(4 2 
BILL**** 

KNb, V, T i \Z^X[t^riXh<0 l«Xli2iBl± 

tMifO. 3%WT, 

PICJ3V^T(±0. 3%JUJ(T, 

C a t;£5V^Tl±0. 0 1 %£(T> 

REMKi3V>-CI±0. 0 5%jy.TSr#*., 

yfm^t LT<OBtS*B£0. 0 0 0 5%#£U 

tt-ttfJE®£, <£J±T^ : 8 0 %J£Lt % *7il« : A r 

sjjLttN 7>t7 hx-^-co^-ai^A rjjare o 

0 "CigoiaKTi i f(i 3 0 "C/#*St, Ti JWTli 3 
o r/iWELL-e, «jr* 3 5ori5o o*cjaTt?#* 

7x5^ K ^-f^-T K ^-Xtt-f K03ffit 

7x7-/ h&mm (vf) t7x7-f h«« (dF) <o 

Jt (VF/dF) jj*2 0Jil_hT-JLo-?-O3^;U|*j^l!jipI 
2 /U mJy.T<7)^@^->;7 : -f-'l' h£«*ri , 5%£Lfe.a 
7x7-f (VF) i> f 6 0 %Jil.±T* J.o-e<7) a J 

(3ia»sx^#oo #20000 

(MP a • %) &±X'E.-U:<?> =1 4 )\,ft$c$]<lfotf 3 o 0 
0 (MP a • %) *t^T-*I9, 

3i?i5ft$ (ts) avpsffcauK (ys) oa'fA'rtjn 
*s*noo (mp a) *tf*4it afmt-rztfg. 

[fi*ai 2] fk^ffi^-fcLT, 
C?:0. 05-0. 25%, 

S i t A 1 <0|*J<7) lttX(i2«^-^ftl:T-0. 5-4 
%, 

Mn, Ni, Cr, Mo, C uW|*l(0 1iXli2ifc(± 
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£_rtf__-eo. 5-4%, 

SiO. 0 1 

LTOB^B^O. 0 0 0 5%#fiU 

tt±«fEE„_ _n __EET^ : 8 0 %&__, £*T__« : A r 
sJiLfcT?, 5>7"-7 hf--y;UT<0^-*PS-A rsJiJLT6 0 
orfiOiBJETi ifl±3 or/#JSLfc, TiW»T 2 f 
T-(±3 0t/#*I, IUT1WT6 0 0t;i_icO_LKT2 

T'ii 3 0 X:/mX±.X\ *flX* 3 5 0 "CiH 5 0 0 t: 70 

7x7^ h&mm (VF) i7x 7 -f (dF) <0 

Jt (VF/dF) #2 0 W± flof CO 3 -f;u 1*1 ^ij/ifl 

5iJK-5£14^7 (.ISSIl 3 x __#&*) #2 0000 

(MP a • %) J^±T*B.o-?-corJ^;H*l^i&ipg75 s 3 0 0 20 
0 (MPa • %) *j»T-&£__ _-#gfc_-t£#fitf ft 

m*m 1 3 ] tt&ma-t lt, 

C £0. 0 5-0. 2 5%, 

S i t A 1 <0|*Jco 1 _LK(±2 _t_-_m__T-0. 5-4 

%, 

Mn, Ni, Cr« Mo, C u <0|*jCO 1 _£Z.fi 2 __1U± 
£"_rtM_T-0. 5-4%, 

SsSO. 0 1 JO 
TF&LWlt LTCOBt$*Bs_0. 0 0 0 5%?4U 

^T, 

ttJ_tfB_i_£, MT* : 8 0 %J3L±, #7__8E : A r 
3W±T', 7Vf> l-f-7*t<0^iP5:Ar3fllT6 0 
OrScOiSiRT. *t?(±3 0t:/#m±, TiJ£l|S$T2i 
T*l±3 0t/«*», KI=Ti£lT6 0 0 'Cj@<7>i& j £T2 
tWCtt 3 0 C/8>JEU_-», s_=JR£ 3 5 0^5 0 01: 

7x.y<( h&mm (VF) (dF) CO 

Jt (VF/dF) OW±'C-J.o-?-co=7'f;H*J|Et!)*S 

2 / /mJ£JLT(0^®^-^T^-Y h £«^5 %£U_-CiL 

o-?-co 3 ^ *n$sfr<i£t 5 •? , 

h_r«>£ (VF) #6 0%£JL±-CB.o-tO3>f 

?tK-5£14/<y (3ISMl$x__#W r ) #20000 
(MPa • %) &±.X'R-0*r<F>^<{ )l>fa%cW)<l&tf3 0 0 50 
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5 

0 (MP a • %) 5feStTNfe»K 

.ISRSftS (TS) atflfiMfcaSE (YS) coa^;n*i^f& 
■#10 0 (MPa) 

[W*^ 1 4 ] 1t^i£»t LT, ____%T, 
C *0. 0 5-0. 2 5%, 

S i _ A 1 coftco 1 _tXI4 2 _i_-_rft__T0. 5-4 
%, 

Mn, Ni, Cr, Mo, C u C0|*jc0 1 ttXli 2 _tJiLt 
£_rft__T0. 5-4%, 
S_S0. 0 1%, 

St-, Nb, V, Ti, P, Ca, REMiO 1 9X142 

iNb, V, T i Uisv^-Cli-etubco l__£tt2_r0Lt 

Sr^-ftfiTO. 3%JttT, • 

Pi:j3i->TliO. 3 %ttT, 

C a K&V^TiiO. 0 1 %ftT, 

REMtC&^TIiO. 0 5 %.WT 

^itLTWB^BSO. 0 0 0 5%SftL, 

St SB F e R _*B 5" R* < * pT»«PFW» <t •) * 4 SIM* * ffl 

tt±{fE_2_£, MT$ : 8 0%J£L_u *TiaflE : A r 
3&±X\ 9 >7"-7 hT--r^r'<Oi^iP^A r3i-J.T6 0 

o'c^coigftTi it-i±3 oc/fm__, ti&»T2* 
t(±3 o"C/#*S?, MtcTiJflLT6 0 orScoiajSTz 
JilftTii 3 0 C/fWSLfc-C, 350'Cj_i500'C 

7x5^f h^«¥ (VF) (dF) <0 

it (VF/dF) #2 0JW±-CE.o^-c0 3>f ;H*jgEl&e 
#4*?gr-*f), 

2 ^ mJaTO»«* - 7vft-fh 5 96ia._fc.-C J. 

»he (? laiai s x __#_«) #2 0000 

(MPa - %) J^±T-_Lo-eco_T^;n*JiEU$i7> ? 3 0 0 
0 (MPa • %) *?S-r^^__^#®_1-^*t!aif ^» 

1 5 j iv&WLfrt lt, _m%-e, 

C.-0. 05-0. 25%, 

s i t a 1 coi*jco 1 _txi± 2 mz&ftmx-o. 5-4 

%, 

Mn, Ni, Cr, Mo, Cu coftco 1 _LX<± 2 _|Jtt± 
£"_-tf-__-C-0. 5-4%, 
S _S 0 . 0 1%, 

5^, Nb, V, Ti, P, Ca, REMCO 1^X14 2 
MNb, V, T i H4>v>TI4-f-*L<bco 1 flXJ± 2 _U0.± 
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9 

Sr^fitftTO. 3 %&T, 

C atCii^TliO. 0 1 %WT, 
REMCii^TliO. 0 5%JiiT^^. 
WttLtWB^B^O. 0 0 0 5%#feL> 

v>T, 

ft±lfffi2££, ££T^ : 8 0 %JELh, »7il* : A r 
3&±T\ Ft- y')VX-<T)-<%m A r3«T6 0 

-tr(±3 o"C/ti>*jJt* M(;TiJ^T6 o orsoi&STz 

JWCli 3 0 C/fMSLhT. fl*3 5 0t;S5 0 0t; 

7x7^f h±f«-^ (VF) ^xy-f h*ig (dF) O 
it (VF/dF) * J 2 0&±T'J.o-e<7)a-l';U|*)^t!iipS 

7i7-f h&m?£ (VF) ?5 ? 6 0 %m±T\§.o^-cor7^ 

;n*i»l®/»* l 5 #14 1 lt, 

a*-itt^7>^ Oia»$x^#yf) ^2 oooo 

(MP a • %) Jil±T*J.o-?-C0 3^;U|*]^ij|iIf tJ?3 o 0 
0 (MP a • %) *?ST-*f)> 

5I5S?*$ (ts) stwttai* (ys> <7>34)\,ftmn 
ipi# s ioo (mp a) *mr*$>2,zt*!$mt-rz,tf>£ 

[0 0 0 1 ] 
[0 0 0 2] 

-&^*ii^<, ffiti^^tt, ffi^^x^y hm&az 
[ooo3] mm<o{x%mmx-&z>&m-m&s<7 > 

'f ht?§S?n.4Du a 1 Phase (v^i9>*DP 

ii) *^f,*itv^„ -<0DPi«ii@^?fifbS!ii;?iK^ 

* SrTFt/**, -?-<0ffil4T SXT. EK20000 (T 
S : 5ISS&SMP a, T. El: T&lK jjO 



(6) # 08 2 0 0 0 - 1 7 8 6 8 1 

10 

X&Z>o 

[0 0 0 4] dO^K^JTSfeLTT S XT. E 1 2; 2 0 
0 0 0-t> s ftbtLZ>~/-Xt LT. ^SS^-^-r^-f ho 
TRIPSttTRansformation Ind 
uced Plasticity: %Z&M &H14) OflJ 

[0005] $^ft>it ;otr i vmstzmm l 

T, 3feU#MBg6 4 - 7 9 3 4 5 LT, 
io [o 0 0 6] i*u:ioT, ±IB^*Sffi0^op^a.a; 

mmmfflmtznmxkii&itmi-zzttfxz, ts 
xt. e i 2:2 o o o o tmw<r>E&)*mm-tz>z t& 

X&tzo 

[0 0 0 7] Ltf»L, X*Wtc^«ffl-*-<5»'&tt, 3fij£ 
^Sv>it«Rf*4„ £<blc$Ji L< J45I5SS6$ 

[ooo8] i^, £o*WKo«3i$Hff leaser i±* 

[0 0 0 9] 

s«r**j*o mm * * »?s l , mtitzmm t&titzx* 

•y hmglk Z&*>*tW*>, #Jf(f t>o§o>/jN$v^ffiS! 
3»*«l*i:-€-<o«jt^rfetHftf * - t LTw 

50 [0010] 

- 7 9 3 4 5^«T-|t^L7t^«<0#Klf t»o#SrS| 
[0 0 1 1] ^^^liB^ttK^FttS^-eoif f,o 

* eairHWKii lt«a onmmimfrtzm^ 
^t-t^^tKXi), iz^tiffitm^mmA * mm l , 

[0 0 12] 1"£;b*>, 7^fmit Lr#tnB<0±i 
S: 0 . 0 0 0 5 %WT, *ffL<l±0. 0002 %J0LT 

[0 0 13| W, BO±R4raje-J--5itUJ:*il# 
50 #^UZi.(?-rt*@t LTtt, #gl¥8 - 1 5 8 0 0 5f 
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[0 0 14] *mn<7)^Wli, ttT<7)it3T-*4o 
[0015] (1) it^m^-t LT, Sft%T\ C£ 
0. 05-0. 25%, S i tA 1 coi*J<OiaXii2« 
£-S-ff»-eO. 5-4%, Mn, Ni, Cr, Mo, C 
u<D^l<DimXlt2m^±i^fttX0. 5-4%, S 
SO. 0 MfttLTOB^B^O. 00 

0 5%#£U ?SST>F eS.^B=&|^<^Fprii6<j7F|i£^T- 

(VF) 1:7x7^ (dF) £OJt (VF/dF) 

#2 o i^±xa.^^(o=i4 ^^imm^4^mx$, n , 

o-eon^;ufl!E»4@a*5 %*?»•?* i) , fl#ttt LT, 
»«-S1t/*5 (SIKHS x£#Of) #2 0 0 0 0 
(MP a • %) a±TIof0 3-f ;H*3^t&i|g#3 0 0 

0 (MP a • %) *«T-*^,c:t Sr#ffci:-tS#K(f t> 

[0016] (2) ^nlSiU, 7i70A 
mm (VF) #6 0%W±T\i.o^<D:3^;Wfl^!r&ipg# 

1 5%*»r*»K #14i:LT, (TS) RV 

(YS) O rr 4 frttgLWRti* 1 0 0 (MP a) 
^mxibhZ.t i¥ffl;t1rz>±*z (i) J-fg|£cD#K<7) 

[0017] (3) ftft^fcLt, lf%t% N 
b, V, Ti, P, Ca, REMO l«37Ji2ttl;LL£ 
t*, iNb> V, T i lZj3^Xl*ttlb<OimXl±2 
«JELh*-g-W*T0. 3%JHT, P{-i5^TI±0. 3% 
•WT, C a lC;fcv>TI±0. 0 1 %J£TF> REMK:fcv»T 
(i0. 0 5%WTf**itS:#»ti--&±ge (1) X 
ii (2) lcsBIKo#@(f e>o#o/h$v»iffi^tt, ?#4gt£ 

[ooi8] (4) it^mfrt lt, sa%r% C£ 

0. 05-0. 25 %, S i t A 1 O|*I<0iaX»±2itt 
*#thfif0. 5-4%, Mn, Ni, Cr, Mo, C 

u<ort<7)ittxi4 2am±^-g-ttaT-o. 5-4%, s 

SO. 0 1%^*, MfttLTWB^BSO. 0 0 
0 5%#SU ?SSPF eSy f B : S:|^<7FBriiW^!feJ; 
■Jfciflltf-fcflinT, ft±»fffS*, ^JET^: 8 0% 

JiLk, l?-TfiJ£ : A rs-A rs+ 1 5 0VX\ 7>i-V 
Y^-f)VX'<n^n^ 3 0 ~C/mX±.X\ ^JR£ 3 5 0 

"CS5 0 omTT'^ffvs 5?n&f§fctL-C, 7^ 

Sft, 7i7^ (VF) t7x7-( (d 

F) <7)it (VF/dF) #2 0J£l±T\i.o-?-c7>n ^1*1 
^SMSrt* 4 *St 2, i mIT^@*-Xtt-f 
h £!S5£# 5 %£JLLTM.O-€-<0 _r ;l/F*JgESMBjJ*5 %* 



(7) #08 2000-178681 

x^r#^) #2 0 0 0 0 (MP a • %) £U:TM.o*-o 
="f ^rtSSlMia* 3 0 0 0 (MP a • %) 3kffiX$>Z> Z 

[0019] (5) ft^UT, 
0. 0 5-0. 2 5%, S i t A 1 cO|*|<0 1 m.XU2m 
i&ftMXO. 5-4%, Mn, Ni, Cr, Mo, C 

u<on(?>imxt3.2u&±z&ftmx'0. 5-4%, s 

10 SO. 0 1 %%#*., T-mat LTOBt^BSO. 00 
0 5%ffftL, ^SCFeSy f BSr^<^Priie<j^*E%J: 
0 &£§Pm-£ffl^T, ft±«fE®*, ^:(±T^: 8 0% 
JiLL, #*TSJ£ : A r 3 - A r 3 + 1 5 0 tf, 

v 7-—7)vx<onn* 3 0 x:/mx±x\ mwi 350 

tfi5 0 0W!?^iTK ^n^tu, y x. 
7-1" K ^-f ^-Y K 5*©*-*-r-7M h0 3*BTifjjS; 
S*L, 7i7-f r-£»=£ (VF) t7i?-f hifeg (d 
F) <Dit (VF/dF) OVXALXK-o-tOayf 

20 h 5 %&±X'R^-?r<D n 5 %* 

it-e&i?, 7x7^ hAW (vf) #6 0%£JLh-c\§. 
o-?-co=r>f ;n*j^|MStf*i 5 %*«T-& •) , #14 1 L 
r, 3U£-J£tt/<5>x (5ISR»Sx^#yo #2 0 0 
0 0 (MP a • %) \>X±.X-&-o*0>^J frftmSblfctfZ 
0 0 0 (MP a • %) 319196$. (TS) R 

tfWKSue. (ys) on>f^ifi* { ioo (mp 

[0 0 2 0] (6) ffc^t LT, C* 
50 0. 05-0. 25%, SitA10|*|©liXIJ2l 
£-£-9ffiT0. 5-4%, Mn, Ni, Cr, Mo, C 
u <0|^<D 1 ttX«4 2«m±^^Itgr* 0 . 5-4%, S 
SO. 01%, Nb, V, Ti, P, Ca, RE 

M0 1*XI4 2«JSLt«r£-*, KNb, V, T i tcijv> 

r»i-€-ite>oi«x»i2«fii±4r'frtf*-co. 3%w 

T, PtCi5V^T(±0. 3%mT, C atCj3V^TI±0. 0 
1%WT, REMtcfcv^TliO. 0 5 %J0LTS-&<^, ?F 
iftLT(7)B)i s BgO. 0 0 0 5%#^ttL, 5SSPF e 

Rv t B*m<T^m$)^m.mi izzmftzm^x, j± 

40 -hffEJESr, ^BET^ : 8 0 %WJt> »TjSJS : A r 3 
-Ar3+150tt, 5>^-7 V-T-y^XCT)^^ 
3 0 X:/mX±.X^ ^Sr350lC®500 CWTT-# 

^ (VF) t7x5^f (d F) cOJt (VF/d 

F) #2 0m±T-B.O'e-(0n^;U|*i^|Ji)ig#4^-e^ ) 

T, (§l5S5*?x^#r>*) #2 0 0 

50 0 0 (MP a • %) fel±-CJ.o-f<03>f ;n*||CSJ$g#3 
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0 0 0 (MPa-%) *ffiT$>Z>Zti!$W:t-rZ>tt% 

[0 0 2 1 ] (7) 1t¥t&ftt LT, **%T:, C£ 
0. 0 5 -0. 2 5%, S i £ A 1 coftco lttXI±2tt 
£-£-ft*-C0. 5-4%, Mn, NK Cr,Mo, C 

u<Ort<0 1«X»±2«JBL±*£-tf-*-eO. 5-4%, S 
SO. 0 1%, JEU, Nb, V, T i , P, C a, RE 
M«113.l±2tta±^, iNb, V, T i t;£v> 

t it * tt e> <o i mxtt 2 * t-o. 3 % Jen 

T, PlC-fct^TltO. 3%WT, C al-fe^TiiO. 0 
1%WT, R EM(-i5VT(i 0 . 0 5%fllTm, ^ 
*fctf£ LTCOBtMBSO. 0 0 0 5%ffftU SffiFe 
&tfB*fife<*Ttf*W**t«>J: <9 &&ii)f£ffl^T, ft 

±tfms*, £i±rm : 8 o *rr»s : a r 3 

-A rs+ 1 5 Ott, 7 y-fV hr--y^-C<Dnmi 

3 or;/w±T\ mm* 3 5 or^s 0 ox:&tt& 

*?f*<\ = ?n|&f&£ LT, 7x7-f ^^ft^f h> 

m (VF) £7 (d F) Oft (VF/d 

F) 75*2 OW±-eB.o^-con^;P|*i^|t,fg^4*«T-* 
*K 2/imJUTO^^-^-f-^-f h^»^7j*5%m± 

hif»^ (VF) tf*6 0%&±X-RUr<7)=iy( frftgffl) 
5 IK #14 £ LT, SI£-gtt/<? > 

* (?[5ft5£$x£#O0 rt«2 0 0 0 0 (MP a • %) m 
±.X-3.-o-*:<r>u<{ n,n%&)1fctfz 0 0 0 (MP a • %) 
*?»T?**K 3 |»9ft 3 (TS) atT»ijt5»ft (YS) CO 
=*-f ^F*3^»*B**1 0 0 (MP a) *«T?*-&C£Sr# 

[0 0 2 2] (8) ft^tLt^ lf%t\ 
0. 05-0. 25%, S i £ A 1 <OrtcoittX(±2tt 
fc-^-tf-fi-CO. 5-4%, Mn, Ni, Cr, Mo, C 
uOrtOl«Xtt2ttJa±**tf-*-p0. 5-4%, S 
SO. 0 1 TfWMt LTCOB* S BSO. 0 0 

0 5%#ftU JSSBF eTktfB*m<^m&T-mi!Z 

nzzmK-zm^-c, ft±«fn®*, mt*: 8 o% 

JGLh, i&TfiK : A raJSLt-t?, 9 >• ? b x - 
C0i££p£-A r 3 BIT 6 0 OlCScOiaSTi ifli3 OX)/ 

TiWI^T*l±3 0"C/#Jil±T*, ^^3 5 0 
tfi5 0 0t;£im*ffv», 5^ntttLt, 7jl 

h, k mgt-xm hco3ffir-#«: 

717^ h&mm (VF) £7i54'hiKS (d 
F) colt (VF/dF) i f 2 0lftT-lof<03/f;^ 
^iMgd ? 4*}tt?2>tK 2 fx mWTcO^^-^x^-f 
h if»^S**5 %y.±T*J.O^-<7)n *ft&ftMI«t5%:£ 
.»T**K #te£LT, 3ftK-£te/*9>* (3|§fi543 
x£#O0 i«2 0 0 0 0 (MP a • %) JSLt-cao-f-CO 
="f^rt^KlifI* ? 3 0 0 0 (MP a • %) *^-C*-5>i 



(8) #12 0 0 0- 1 7 8681 
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£ £ #tfc £ -T Z, # K (f h o £ co /Jx $ </ > jsS« , \z 

[0 0 2 3] (9) ffcfSfl-tLT, Ci 
0. 05-0. 25%, S i £ A 1 C0|*IC0 1 aX(±2=tt 
fc-g-fffi-CO. 5-4%, Mn, Ni, Cr, Mo, C 
ucoftco 1 mXl±2m&±.Z&sYRX0 . 5-4%, S 
SO. 0 1%^, WfttLt(OB^"BS0. 0 0 
0 5 %?Rt L, F e & B * 8fe < ^Mffj^mto X 
>)&.5>ffltf-£fflv>T, ftftifEMSr, -£JET5£ : 8 0% 
70 W±, ^TiSJS : A r 3 W±T% y^t^hf-T*^ 
cOi^ipSrA r3Jt)LT6 0 CCjgcoi&KTi $-C(±3 0t/ 

Ti ^JLI^-eti 3 0t/W±T% =£JRSr 3 5 0 
13)8 5 0 0t JEHT-C*^ffv», ^nifttLt, 7i 

$tt, 7x7^ bc^»^ (VF) fc7x7-f h*4g (d 
F) coft (VF/dF) **2 OW±-CJ.o-e-con^;n^ 
^»1S* s 4*SlT-*»), 2 ^ mVXT<F>Wg*-?,7~r4 
Y &m^i> s 5 %Jil±T-J.o-ec0 3 4' 7H*3SE»i|S7>* 5 %* 
jSTCifclK 7x5-f (VF) ^6 0%fl±r-fi 

20 o-toa* /n*gglMia*l 5%*»T**>K #14£L, 

•c, (3iasi$x^#cr) **2oo 

0 0 (MP a • %) mJi-eS.O-ecorr'f ;Wrt^JS(B^3 
0 0 0 (MP a • %) 5fc«-C*lK ?I?S?*$ (TS) S. 

w»«aft* (ys) oa>f o o (mp 

a) *SIT-ab-5» - £ £#i££-t£#»l;if f>o § co/h$ 

[0 0 2 4] (10) imfcfrt LT, C 
£0. 0 5-0. 2 5%, S i £A 1 <O|*JC0 1 «Xi± 2. 
tt^-^Itir-O. 5-4%, Mn, Ni, Cr, Mo, 
30 CuCO|*!COiaXlt2ttJa±^'S-it»T'0. 5-4%, 
SS0. 0 1 %, MtK Nb, V, T i , P, C a, R 
EMC0 1ttXI±2ttW±^^ > gNb, V, T i \Z& 

T, PlciiV^TttO. 3%WT, CaCiJV>riiO. 0 
1%WT, REMlCiiv^ritO. 0 5 %jy.T5r#A, 75 
«W£LTOBj&«B£0. 0 0 0 5%ff^L, 5SSI5F e 

sy f B*i^<^DTje^Mt>j: <o%z>M) l rzm^x, ft 

±tfff®?r, ikST^ : 8 0%J£Lt, »TitK : A r 3 
JA±T-, 7 h7--r^T-co^-±P^A rsiy.T6 0 

40 0 t:&coi&£Ti i -e«t 3 0 Ti \mx\t 3 

0"C/#'«±-e, ^^ 3 5 0-Cie5 0 0 < Cti.~FTN&-* 
$^n|a^£LT, 7x5^ h, ^-f -7--f h, ^ 
9*-*^-*-'f h©3ffi-C«Mfc$*u 7x7^f FAf$ 
(VF) ^7x5^ hfig (dF) coifc (VF/dF) 

**2 o &±x-R-o << fcmsBMi?* -£mx*> f) , 

o-f-co 3 5 %^mxi> *) , #14 £ LT, 

»*-ett^<9>^ (5i»aft?x^#no 4*20000 

(MP a • %) W±T*fi.o-?-t0 3^;n*|^t!)*S^3 0 0 
50 0 (MP a £*4MRfc1-4#R|fc, 
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(9) 

75 

[0 0 2 5] (11) ftf «»t Lt> If%t% C 
£0. 0 5-0. 2 5%, S i t A 1 <DI*I<75 1 mXl±2 
a^-g-ltfitr 0. 5-4%, Mn, Ni, C r , Mo, 
C u <o\H<r) i ax 14 2 aW±^^fM:-e 0 . 5-4%, 
SSO. 01%, SC, Nb, V, Ti, P, Ca, R 
EM*>l*Xli2»3Lt*£-*, tNb, V, T i UiJ 
v>Tli-f-*L?>0 1 «3£fi 2 ttJ£H±$r£*HtT 0 . 3 %&. 
T, P(-±5V^Ti4 0. 3%tTF, C a(Ci3V>Tt±0r 0 70 
1%WT, REMt:i5v>Tli0. 0 5 %JW.T 
ItitLTOB^B^O. 0 0 0 5%#£U 5S8BF e 

s.o } 'B^p^<^nTee^*£%j; i)%2>ffifrzm^r, ft 

-tWBfifc, £J±T* : 8 0%tH±, ^Tfift : A r 3 
J-J.±T% 7>t-> hf -7*TO^A r3tlT6 0 
0 -CiSOiSSTi i T(4 3 0 "C/#*ilt, Ti mi^T'li 3 

0 V,/mX±.X^ iK* 3 5 0t@5 0 0 "C^TT^S-* 

(VF) t7i7-f h«ill (dF) OJt (VF/dF) 20 

#2 0 tunmo-f- o n ^ >i>n%mi&tf4 *i?T& , 
2 ,u my.To?sg t-xtto £fs$;# 5 % W-t-r\a 

o^Ori^rt^iijii!S#5%5fciftT£l9, 7x 7 -f hi 
«2p (VF) #6 0%lX±X'K-o^(D^ 4 )^mWl^ s 

1 5%*«-e*>l9, JffttiLT, 
(3I3S5£$X^#0?) #2 0 0 0 0 (MP a • %) JBLh 

-CE.o-?-coa Y;U|*I^i*ipI* s 3 0 0 0 (MP a • %) * 
mx**,*), ?l?fi5S$ (TS) RVTZimm (YS) On 
-OH*l^l&i|@# 1 0 0 (MPa) *lt^i;t^#f 

[0 0 2 6] (12) ft«fri:LT, £3%T% C 
£0. 05-0. 25%, S i t A 1 <0|*IO lttXI±2 
a£"S-W-*T-0. 5-4%, Mn, Ni, Cr. Mo, 
Cu<OI*K01ttXli2ttW±^^-tf*r-0. 5-4%, 
SS0. 0 1 %£-g-<&, Tf-W&ih LT£>B#B^ 0. 0 
0 0 5%fftL, 5SSGF eRtfB*|fc<3F*raMM^M& 
<£ >) &&HK-£fflv>T, ft±tf/±®£, £:JETSp : 8 0 
%BL±, »Tll:ArjJa±t, 9 Fr-^ 

t*^ai*Ar3OT6 0 orscoiasTi s-c-(4 3 ot; 40 
JiiT6 0 0T;iBo««T2ja»-eii3 o°c/mx±x-, 

5 0*08 5 0 0rW.TT&*fifVN 5*n&f8 
£ LT, 7x9^ K ^7-^ K ^t-Xft-f h 
«>3*-e#ft?*L, 7x7-f h£»=P (VF) i7x 7 
'f MtS (dF) OJt (VF/dF) tf*2 Ofll.hTM.o 
-l-Oa-f ^rtje«i(B*«4*»tr*f), 2 / ,mJ£lTO»« 
=f--*-f:M ht&«^5%m±T*E.o^-<7)3^;U|*i^ 
5 JftttfcLT, SHt-®ttA7> 

* (3I5RSS? x£#UQ #2 0 0 0 0 (MPa - %) 50 



4f§3 2 000-178681 
76 

±T'J.o-g-<or7^;urt^UH#3 0 0 0 (MP a • %) 
T h £ Z. t £ &ft t -t Z> H% If o § cO/Jn $ V »j8jg 

[0 0 2 7] (13) it^lfcfrb LT, Sfi%T\ C 
£0. 05-0. 25%, S i t A 1 <7)[*JC0 iaZ(4 2 
ttfc-g-ttST- 0. 5-4%, Mn, Ni, Cr, Mo, 

c u oi*icd 1 mxit 2 IJa±4^tflt 0 . 5 - 4 %, 
SS0. 0 1%m, T^fttUOBi'BSO. 0 

0 0 5%ML, 5S»FeSO f B*|!fe<3pflraW'F<«ft 

1 *) &-2>iiH-£fflv>T, ft_h(fJE5££, <£l±Tm : 8 0 
% £JLt, : A r 3 fil_bT\ 9 > 7^ -7 h t - 7)1 
TO^ifl&A rsJiT6 0 OtSOiSSTi S TI2 3 0t 
/#J0l±, Ti J-J.PtT2 £ Tl± 3 0 t/#*}iS, StCTi 

JBLT6 0 ovm<7>i&mT 2 y,mxit3 ox;/mx±x\ 

#JR£3 5 0 OtWTt^ffvv ^nii 

t LT, 7x7-f h, h, ^S^-X-fT-'T h 

0 3fflf«Jtl, 7xKFAf$ (VF) i7x7 
-f (dF) WJt (VF/dF) #20tt±flO 

■eorJ^f ;1/|*I^S**B#4*SIT*»), 2^mflTOSg 
*-^t-7-^ h*W^#5%m±T*J.o-?-con^;n^^ 
»«j& s 5%*SS-e*l), 7i70i»| (VF) #6 

0%JA±-ej.o-?-o3'f 5%*«r** 

tF) #2 0 0 0 0 (MP a • %) &.±XR-=>^r<7)=i -i X, 

rt^i*"Ps* s 3 000 (mp a • %) 7kmx$>n. sisks* 

S (TS) (YS) <0n^jl/|*]^lj,®#i 

0 0 (MPa) ifcffiX'&2>Z b iftrnt-fZWIRtftb^ 

[0 0 2 8] (14) it^f&frt LT, ii%T\ C 
*0. 05-0. 25%, S i t A 1 <D|*I<D 1 ttXIi 2 
***tf*1?0. 5-4%, Mn, N i , C r , Mo, 
CuC3rtOl«X«2«JEl±t^tHt-p0. 5-4%, 
S5I0. 01%, SIC, Nb, V, T i , P, C a. R 
EM«>lilXI±2j»JSLh*£-*, gNb, V, T i 
v»Tfi-€-*t?,<01|iX»±2ttJeU;S:-g-tffi-eO. 3 %Jil 
T, P(CJ3V^T(±0. 3%&T, C atciJV^TIiO. 0 
l%mT, REMtci3V^T(4 0. 0 5 %J£TF ?F 
MfttUOB#B^0. 0 0 0 5%#fiU ^SBFe 
710 f BSr|^<^Brsev7F*eft± f)^<z,SiM-^fflv>T, ft 
±(fBE3S«r, ^EET^ : 8 0%Jil±, ^TiSiS : A r 3 
IX±X\ 7>7^-7 hx-r^T-cO^-ip^A r3J-J.T6 0 
0t:S<OSJKTi iT-14 3 0t:/^m±, TiJSL»T2i 
T*»4 3 0"C/#*ri, HUTiJ£JLT6 0 OVM^mTz 
\m fli 3 0 t:/#Jtt±T', 350^^50013 

-f h*«^ (VF) t7i7-f (dF) <OJt (V 

F/dF) #2 Ott±T-S.o-?-con^^n*i^||i|g#4* 
jp|-e*»), 2 / ,mttT<0^*-^rt'f h6S$< ! 5 
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tttLT, 5*«-®tt/^>^. (§l5f5S£x£:#tK) 
2 0 0 0 0 (MP a • %) &±X'3.-o-?:<7)zi J 
«*«3 0 0 0 (MP a • %) T"*.i>C ii" 
<b o # co/h? v^^-ft, «F»ttU«tu/:|»ffijlf 

[0 0 2 9] (15) ft**»fc LT, «fi%T% C 
£0. 05-0. 25%, S i t A 1 <7>|*|<7) 1«XI±2 
l^^tflt" 0. 5-4%, Mn, Ni, Cr, Mo, 
CuOrtOlfltXtt2ttJUH±S:^WJ|-e0. 5-4%, 
SS0. 0 1%, Si:, Nb, V, Ti, P, Ca, R 
EM0 1tXli2lK±m, IN b , V, T i (;J3 
v > T (4 * *L $> O 1 «X ti 2 « JGLt * £-ff-fiT* 0 . 3 % fin 
T, P«CJ3i/^rii0. 3 %tlT> Cal:^>TIJ0. 0 
1%J^T> REMi:*^TIi0. 0 5 %JSTF*-g-** 
ifttLT©B**B^0. 0 0 0 5%#;fiEU 5£«BFe 

±tfJB§£, £J±T35 : 8 0 %J£Lh, f*Ti&* : A r 3 
iyji-C\ 5 >i"t hr--r;ut , <D^±PSrA r 3 ^T6 0 
0t^fiST,JflJ3 0"C/#£JLt, Ti^^Tz* 
■e(±3 0"C/tM=», Il:TiflT6 0 0t:@c0SKT2 
£Ud T'i± 3 0 < C/#tt±-C, sKMSt* 3 5 0ti5 0 0t 

■J-'f K SSt-Xrt^ h^3fflTi#J&£ft, 7^9 
-f (VF) t7x7-f h*Jg (d F) <DJt (V 

F/dF) 2 0 a±T J.O f<03^* rt^UfO** 4 * 

%£l±^lof©3 -f ;V^^»i|ig^ 5 %*at-c* 0 , 7 
ht^St^ (VF) a*6 0 %Kk±-CR^>-t<7)^ 4 )U 

nmmm^n 5%*src*tK tttnr, sus-sets 

>K?>-* (§15551$ x^:# IF) j)f2 0 0 0 0 (MPa • 
%) W.±T-S.o^-O3'f ;urt^»i|S**3 0 0 0 (MPa 

• %) §i5R5t$ (ts) Rz/mm&m (y 

s) o=r-f;n*igEifrilB7in oo (MPa) *»-eab£-i 

[0 0 3 0] 

[0 0 3 1 ] i-f, ft^/S^tCO^T^*, 
[0 0 3 2] Clit-Xrt'f h££?tftU 

h*»«U itt«Ott*ffc=t|»Cfc*u, 0. 

i»»tt3PA, 7*94 hfrWiS'^fiT* taut 
<b, 0. 2 5ti%£lTkt4.fifiL<liO. 16t 
*%JAT, ± L< 140. 1 lft%£lTttS. 
[0 0 3 3] S i , A Um%r USg&TC 

±E«&*» <b , S i tA l|*I01itL<IJ2 tt^-g-fj- 



00) #P?3 2 000-178681 

^DMffcliiO. 5 M% J0L±tf *o 

o#fc-6-v»si» ib , *<D&9tmt\i±mmii 4 

%firFt-f£ 0 

[0 0 3 4] i£, #K«ftfcfEffi1fclfc& , R#$:h.*» 
-g-ii, Si<0. lfi*% (jf*L<(4 0. 0 1** 
%) t"t^>^ f) S i ^.^-^SrllJfe-r-S^ igtc 
Si>l. 01fi% mtL<itl. 2**%) ti-* 

70 [0035] £ SiiA107x70 5£ftffcffl<0 

<DSia->«b, a 1 jSiDM^if l s i mnmzm.-rz> z t 

[0 0 3 6] »»^7X^Hgf<?)SI± 

f ^ 'J y h t <DR|£t\ AU0. 2 fifi% (£J 

iL<(±0. 111%) tLrUv>„ 
[0037] Mn, Ni, Cr, Mo, Cu J±5$S y £ 

?ifti--5>f^ffl/& j ** tt<>}c-7jc9^ Ymtitmr-h 

20 *tlb<7)ft<7>ini> t < l± 2 ttJiUico^-ft-^jDTERftli 

0. 5fi4%Jil±ti-*£-^*^^ 0 ft^t, a^ht 

[0 0 3 8] S J±W!ffc»*^«»U X * *° -y 

h«F»tt«>*ftlWjh<0«jS*>c>, -E-co#*Mii^o. 0 
(fiPiL<ii£0. 0 0 311%, J:»)»*L 
<(i^0. 0 0 111%) ttSo 

[0 0 3 9] WfWBt 1X^7x7^ h3EJffi*3cje 

If "b o # § 1515* $ t l^tt5*JSO(i-t> o § 

-^^JiPISrO. 0 0 0 5**% (jftKiiO. 0 

o o 2*»%) t-r&o 

[0 0 4 0] $^>K, MIKTtmt LT, Nb, V, T 

1, P, Ca, REM<D 1 2*JBLt**flllLT 

[0041] Nb, V, Ti (±^«ftlC#5c&^7C^T- 

40 l«Xtt2«ja±*<frt|-*-C0. 3if%tlTtn o 
[0 0 4 2] Y>\±J%'g*-*7-1-j h<Dm&, Htf&mit 
l^a^xfTiJi 1 , n^. h<0*ta£-v^ib, 

*OjfiJ0*Ji0. 3g*%J^Tti-* 0 #tc«^2^ 
JDXtt, 1514, X y h «J * >f ^ ^tt*«K* $ 

tt*##J±, PS0. 0 511% (»fL<»i^0. 0 
2**%) ttJ 0 -77, S i X^-;^^^JHt, 
«*tJtSEWtt«*#4«jft*»e»liPS0. 0 1 5fi*% 

[0 0 4 3] C a (iflHbtt#4h&Mr?>J&R«Uf« (3»K 
50 ft) Kil), iaitt (#tC7ti£ifft) ^J: t)|fi]±$^<z, 
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tztbizo. 0 1fi%tlTiiLtU^ o itz, RE 

Mi>m%n<r>mmfrt>^ o. o 5mm%&TmuLxi>£ 

[0 0 4 4] 433, t-Xft^f h cO$^t^>K?iST 

[0 0 4 5] ^C^DatCo^ta^o 

[0 0 4 6] 5l?5?i$x^:#LKS2 0 0 0 0MP a • % 

O^T^Sy £ 5%W±cD£»$-C-^rU VF/ 

dF (VF:7x7n^W;%, dF:7x70 

b + ?SSy O 3 ffla^tl"^, i t ;^g-e2,,z> 0 $g 
^-Xt^Y K01#t)nli?l?i5i$X^#y<7)|nJ±tcS# 

U ^r^Wzlim^^-^f-i-^ b vyfikMitlz £ £ <b 

•So ^nta?;iSt5ffi^7x7'f h+^^ft^ h 

[0 0 4 7] $f>t=*^ttOlff>o# (?l3R3ft$x£fli 
W:LT3 0 0 0 (MP a • %) Zmfo-f Ztzib 

Kit s 9 umk<n>%)— ft^n-e* 19 , -eo^BeHT-e 

&&2 5^n^£lTO»9y^«*OjEttSr5%*j«, 
VF/ d F (VF:7x70fi»?;%, ,dF:7x 
7-f 1-fS; 5?n>) o»*4*ltn:t«- 
^-e*^.o 433, 7x7^ K ^^-f K «9 y JBlfl. 

[0048] 7x7-f (VF) ^60% 

S<Oa^^|*}jE»«*ft«-t-* (lOOMPa) 
[0 0 4 9] friz, «HBEStwi3tt4fljft*ftUov»r 
[0 0 5 0] tt±!fE}£0»TiS*OTSU«DIffil& 
Arstti, ifc, ft±tfEEe*>tt7a*0±|R 

tt*rgt*»fr (Hi) 7j.v^ h£8M7jp, -7 

Ars+l 5 0TCti-4o fcfMW* (Si) , 

(mi) <r>m&i±&&-tz>zt <^igT"7x7-f h 

i&«*JtJ0, 7x50 »«rft. A3 y odSm^iiiJD • 
U«F* L< l±±E6S:A rs+ 1 5 ortf^o 
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[0 0 5 1 ] 433, A rsMt^mfrlZfcC, HCT 

[0052] Ara CC) =8 6 8-3 9 6XC + 2 5 
XS i-68XMn-36XNi-2 lXCu-25X 
C r + 3 0 XMo 

[0 0 5 3] ft±»f fiEffi<7>£JBET^(i 7 j. 5 -f h 

7x7^ ^@y <7)^W^*i7JD • ««B-ft 

8 0%JELt£-*-4 o flFi L<l3:mrS4/N-XO 

70 [0 0 5 4] 11 1 Cff^Vt^ hT--7*7U. (ROT) 

TPI£ 3 0C/»fct4. 
[0 0 5 5] HI (r^-T^^T-^ hr--7VP (ROT) 
-e<7>mgft.i^^33^TI± > M«Mli7x5-f h£8f 
^OifTJP, ffl&3K9r MMXWnAfrb. 3 0t/#* 

KO±flES:iHt*/;*, 6 0 0"CiB^'b1*ao.«U»t 3 
0 r/9£Lk0^aKftr eg^-f^o 433, AraJilT 
-6 0 OVm-cm^WLXi, S LoH4v>. 
20 [0 0 5 6] Ili:ft7>t7Ff-7> (ROT) 
"C<7)2Sft<%(C33V^T(3: > *1 «0f.i^li7x7'f h»2 
tt<7>£#>, 3 0t;/#fl±f A rsWTit^t*, 

igita*:*, 6 o ox;mfrt>%2 <D&%rz 3 orz/mx 
±<7>ftwmmvmttii-rz>o 433, Ar 3 mT~6oot: 

[0 0 5 7] v>f3LO^ffii:3Jt>T<)7x5 
30 DP, ?t>i:ii7>t7Ff-7* (i^ipf-^w) fto 
[0 0 5 8] #Jfc^i&j£OTI£«i^;i''r>'^-Y 

[0 0 5 9] J-J.±* s *l&WO^]li^#C03a.©j3SaT-*)^ 
7x50 ^»$itiP, 7 x y 4 Y fflSLit, Mm% 

@y*i7)p£<fc *)—mmz>tz#>, Q>tmMBt±.m* 1 1 7 

40 OttfS, ®ft±tfE&o|i&i&££ttJ 1 tfEM*n' 

±PS^r 1 1 70ttUUK 
[0 0 6 0] Sbiz, m$l.'i)fc<n$rmmftt:i3Ztj:<2 

^■^t-f hSE»«fflO|Lft*»«), 2 0 0 < C*Itf3 0 

[0 0 6 1] 433, BE&lZ#-t&MKtt^t>i9>&1$ftW 
50 HCR, HDR<7)V»-f3v-e*oT t^i^4v> 0 
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[0062] ttz, *%wu±z&mmffi.Zit>-2£wM 

[0 0 6 3] 

[0 0 6 4] *tWIS:fflv»T»jtLfe«t®SI«0$ * n 
2 «mflEE*fr**3t^-J-. 3^ 

*4A'ftBmmto*tibff>wtizmtm4*mt>mt u 70 

[0 0 6 5] No. ]-No. 2M*No. 6-No. 

[0 0 6 6] No. 3-No. 5SMo. 17 

-No. 25 (i Jfc««T* , j£«f£, * # v h ffi£ 

[0 0 6 7] No. 3-No. 5 (±ffc^J&#T'B 20 
W±R«rj8x.Tv^fe*b, 7 i 9 -f h VF/d 

T.S> YS, TSXT. E 1 On^f ;U|*J^Ifri|ig 

[0 0 6 8] No. 1 7<ift^JS*-CC***»W±R* 

-f hir»^ VF/dF, 3«ayifr»^*«»fSI<Ofl[tcM 
^<7>i£*, TSXT. El^ftU, 

[0 0 6 9] No. 18liftf*»t?Mn+Ni+Cr 
+ Mo + C u O^tfi^H^TKU^Urv^v*^ 50 
46, VF/dFRO««9yfiW#jfaoiKI«>f. 
^<D&*, TSXT. El ri^-ft Lfc 0 

[0 0 7 0] No. 1 9l*f[&A3"CS i +A 1 O-g-W 
*# ? #f£WTI®K)il.T^ftv^*!>, y 
MOffitcMib-r, TSXT. EItS^LL 

/Co 

[0071] No. 20 l±^M^^T*ft±tfli®0^:)E 
9§±R*jH;lfcfca, 7x7^ h£«gs, VF/dF, 

»«n&«***»faott»csf>r> -tois*, tsx ^o 

T. E 1 WMtLtio 
[0 0 7 2] No. 21 ttffite&ft-Cffi&ftttOftgar 

»«y*»*34«9fao«tS'b-f> ^-Ofe*. TS 
XT. E 1 1>*£itLtZo 
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[0073] No. 22 imM0iftTimM.%i<r>7&3£T 

TSXT. El^lSftU. 
[0 0 7 4] No. 2 3imm$sftX-2&&ft<r>i&mT 

****** t ft «9» ?*@y *«^waw«tcM?)-r, 

TSXT. El L fc 0 

[0075] No. 24 (i«t3Si*fr-e*^ i) 

»©y fi»$i«»faofi:it.f, ^o^*, TSX 
T. E 1 

[0076] No. 25 J±«HE*fr-e#flS[ ») 

D,.»9r***^ra«)ti:i5)f, TS 
XT. E i wgsitLtio 

[0 0 7 7] ftfc, 4*ttfFfli^5^ni(a»fflS(iJaiTO 

[0 0 7 8] SISttlftM: J I S 5^CTH*U 91919ft 
* (TS) , PitftSS* (YS) , (T. El). 

?ftJS-®ttMv>X (TSXT. El) *%Libfz 0 

[0 0 7 9] *jK? hmigtfUiXtfy hmmffl&FrZtz 

[0080] y^?4 hRzmmmm<7>mfei3£zmm 

(¥**>R*B^2) ££«^<0?M£(±:M *-;^l£a|;£u^ 
#|laBa5 9-2 1 9 4 7 3 ^m^m^fltzW^miZ x 

^mws&j^m^m^Ltzm^i o o om^^m 

[0 0 8 1] Y<7)m&t%Lm (¥*^R 

mmm utws- 1 6359 0 r-mmztitz 
&mK**)i£.m?f$immzm-kL, s$iooom 

[0 0 8 2] hftflta^ (Vy : 

tt%) »4Mo-K«*UJ:4xaUWfC^^a6w * 

[00 8 3] V y (%) = (2/3) 1100/(0. 
7X tt (211) / y (220) +1)| + (1/3) 

1100/(0. 7 8 x a (2 1 1) /y (311)4- 
1) I 

iSU a (211), y (220), a (211), y 
(3 11) I±®5ft]££7jr*- 0 
[0 0 8 4] 
[3U] 
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